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490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960

PRINT
PRINT

IE X E XX ETEEE L EEE R R R LR SRR R R R R R RS SR RS

nn

PRINTER IS 1

PRINT
PRINT
!
!
!

! OPERATIONAL PARAMETERS

PRINT "Operational Parameters"
PRINT

PRINT "select key"

OFF KEY

ON KEY 5 LABEL "INPUT" GOTO 700
ON KEY 4 LABEL "CONTINUE" GOTO 1010
ON KEY 7 LABEL "DISPLAY" GOTO 870

[kg]l ", Mv

[kg] ", Mv

GOTO 650
]
|
|
!
INPUT "Sub-sub Title, 10 car.",Sstitle$
INPUT "Eccentric Moment, [kg.m]",Me
INPUT "Frequency, [Hz]",F
INPUT "Vibrating Mass of Vibrator, including Clamp,
INPUT "Stationary mass of Vibrator, [kgl", Ms
INPUT "Section of Sheet pile, [cm2]",Areac
INPUT "Perimeter of Sheet pile, [m]",Perim
INPUT "Length of Sheet pile, [m]",Zlong
INPUT "Pile penetration [m] (>0)",Zd
INPUT "Depth to water table [m]",Zw
INPUT "Number of radial increments (Max 90)",Nr
INPUT "Average cone resistance [kPal, Friction Ratiol[%] for friction es
INPUT "Cone resistance [kPal, Friction Ratio[%] at pile toe",Qcb,Frb
GOTO 570
|
|
|
PRINT "Sub-gub Title, 10 car.",Sstitles$S
PRINT "Eccentric Moment, [kg.m]",Me
PRINT "Frequency, [Hz]",6F
PRINT "Vibrating Mass of Vibrator, including Clamp,
PRINT "Stationary mass of Vibrator, [kgl",6 Ms
PRINT "Section of Sheet pile, [cm2]",Areac
PRINT "Perimeter of Sheet pile, [m]",Perim
PRINT "Length of Sheet pile, [m]",Zlong
PRINT "Pile penetration [m] (>0)",Zd
PRINT "Depth to water table [m]",Zw



970

980

990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440

PRINT "Number of radial increments (Max 90)",Nr

PRINT "Average cone resistance [kPa], Friction Ratio[%]
PRINT "Cone resistance [kPal, Friction Ratio[%] at pile
GOTO 570

CLEAR SCREEN

OFF KEY

PRINT "CALCULATION IN PROGRESS..."
PRINTER IS 26

PRINT

PRINT Sstitle$
PRINT

PRINT "Eccentric Moment = ",Me, "kg.m"

PRINT "Frequency = ",F,"Hz"
PRINT "Vibrating Mass of Vibrator = ",Mv, "kg"
PRINT "Stationary mass of Vibrator = ",Ms, "kg"
PRINT
PRINT "Section of Sheet pile = ",Areac,"cm2"
PRINT "Perimeter of Sheet pile = ",Perim, "m"
PRINT "Length of Sheet pile = ",Zlong, "m"

PRINT

PRINT "Pile penetration =", Zd, "m"

PRINT "Depth to water table =",Zw, "m"

PRINT "Number of radial increments =",Nr

PRINT "FRICTION: Average cone resistance =",Qcf, "kPa"
PRINT " Friction Ratio =",Frf,6"%"
PRINT "TOE : Cone resistance =",Qcb, "kPa"
PRINT " Friction Ratio =",Frb,"%"

Calculation of mechanical coefficients

Aream=Areac/10000
Gams=7.85
Mpm=Aream*Zlong*Gams
Mvm=Mv /1000

Msm=Ms /1000

Mem=Me /1000
M=Mpm+Mvm

Om=2*PI*F
Fv=Mem*Om*Om

G=9.81

We= (M+Msm) *G
Wef=Wop*We
Ago=Fv/M/G

Mu= (Msm+M) /M
Cmat=5200
Imped=Gams*Cmat*Aream

Nipout (0) =0

for friction
toe",Qcb, Frb

es



1450 Nipout (1) =2

1460 Nipout (2)=INT (Nr/3)

1470 Nipout (3)=INT (2*Nr/3)

1480 Nipout (4)=Nr-1

1490 !

1500 ! Calculation of soil coefficients
1510 !

1520 ! .

1530 Gmax=Ka*Qcf

1540 X=1.5*%(Frf-2)

1550 SmaX=(.65+.35*(EXP(X)—EXP(—X))/(EXP(X)+EXP(—X)))*QCf*Frf/lOO
1560 Rp=Perim/2/PI

1570 Dr=(Rmax-Rp) /Nr

1580 Dz=Alph*Dr

1590 R=Rp—Dr/2

1600 Zp=2d-Dz/2

1610 Sam(0)=M+Mglu

1620 FOR I=1 TO Nr

1630 R=R+Dr

1640 Zp=Zp+Dz

1650 Sum=2*PI*R*Zp

1660 Sam(I)=Rho*Sum*Dr

1670 Su(I-1)=Sum* (1-Dr/2/R)

1680 NEXT I

1690 Bkr=2.5*Gmax*Zd

1700 Cf=2*PI*Rmax* (Zp+Dz/2) *SQR (Gmax*Rho)
1710 Jvel=.1*Frf

1720 Tanp=EXP (Frf-3.5)

1730 Tanm=EXP (3.5-Frf)

1740 Plid=50* (1+ (Tanp-Tanm)/ (Tanp+Tanm))
1750 Gamtu=Smax/2/Gmax

1760 Ptu=Plid/2+25

1770 Z1lig=MAX(0.,Zd-2Zw)

1780 Znlig=Zd-Zlig

1790 Gb=Kab*Qcb

1800 Areb=Aream

1810 Fbmax=Areb*Qcb/1.3

1820 Rb2=Areb/PI

1830 Rb1=SQRT (Rb2)

1840 Bkb=4*Gb*Rbl/ (1-Nu)

1850 Cb=Cbc*1.8*Areb*SQRT (Rho*Gb)
1860 Qakep=Fbmax/Bkb

1870 !

1880 ! Calculation of movements
1890 !

1900 Ttot=0

1910 Dtcrit=Dr/SOR (Gmax/Rho)

1920 Deltat=Dtcrit/Ncrit



1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400

Deltat=1/Deltat
Alo5=LGT (5)

Alo2=LGT(2)

Alodel=LGT (Deltat)
Npuis=INT (Alodel)
Amant=Alodel-Npuis
Mult=10

IF Amant<=Alo5 THEN Mult=5
IF Amant<=Alo2 THEN Mult=2
IF Amant=0 THEN Mult=1
Mdiv=10"Npuis
Ndelta=Mult*Mdiv
Delta=1/Ndelta
Tpl=Tmaxpl/Nplot

IF Tpl<Delta THEN Delta=Tpl
Npl=INT (Tpl/Delta)

|

Tcalc=MIN (Tcal, 2)
Tav=Tcalc/F

Npav=INT (Tav/Tpl)

|

Tpld=Tdpl/Npld

IF Tpld<Delta THEN Delta=Tpld
Npdl=INT (Tpld/Delta)
Ntmax=Tmaxpl/Delta

PRINT "delta=",Delta
PRINT "ntmax=",Ntmax

! Initialization
|

FOR I=0 TO Nr

Nc (I)=0

Degr (I)=1
Nreg (I)=0
Gamp (I) =Gamtu
NEXT T

T=0

Ntincr=0

Io=0



2410  Im=0

2420  Ipl=0

2430  Jptl=0

2440  Jptlm=0

2450  Fb=0

2460  Fbt=0

2470  Ipld=0

2480  PRINTER IS 1

2490 !

2500 ! Time incrementataion
2510 !

2520 Ntincr=Ntincr+l

2530 T=Ntincr*Delta

2540 Ipl=TIpl+1l

2550 IF Ipl<Npl THEN GOTO 2640
2560 Jptl=Jptl+1l

2570 PRINT ".";

2580 Ipl=0

2590 FOR Ipout=0 TO 4

2600 Nip=Nipout (Ipout)

2610 Vib (Ipout,Jdptl) =V (Nip)
2620 NEXT Ipout

2630 Umaxg (Jptl) =D (0)

2640 IF T<Tmaxpl-Tdpl THEN GOTO 2740
2650 IF T>Tmaxpl THEN GOTO 2740
2660 Ipld=Ipld+1

2670 IF Ipld<Npdl THEN GOTO 2740
2680 Jptld=Jptld+1l

2690 Ipld=0

2700 Vg (Jpt1d) =V (0)

2710 Fg (Jptld) =Taud (0) *Su (0)
2720 Fbg (Jpt1d) =Fbt

2730 !

2740 Omt=MIN (Om, Om*T/Tramp)
2750 Fvt=Mem*Omt *Omt *SIN (Om*T)
2760 FOR I=0 TO Nr

2770 DA(I)=V(I)*Delta

2780 D(I)=D(I)+Dd(I)

2790 NEXT I

2800 !

2810 FOR I=0 TO Nr-1

2820 Ti=Tau(I)

2830 Tp=Taupos (I)

2840 Tn=Tauneg (I)

2850 Dgam= (DA (I)-Dd(I+1))/Dr
2860 Gam=(D(I)-D(I+1))/Dr
2870 IF Dgam>=0 AND Ti=Tp THEN GOTO 3260

2880 IF Dgam<=0 AND Ti=Tn THEN GOTO 3260



2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360

! change of course !

IF Dgam<=0 THEN GOTO 3210

Nc (I)=Nc(I)+1

I reload

Taust (I)=Ti
Gamrep= (Gamp (I)-Gam) /2

IF Gamrep<=Gamtu THEN GOTO 3030
Tu=SQRT (-1+Gamrep/Gamtu) /Ptu

Neg= (Degr (I)) " (-1/Tu)

IF T<Tcal-Tmreg THEN GOTO 3020

IF Nreg(I)>0 THEN GOTO 3020
Neg=Neg+Treg*F

Nreg (I)=Nreg(I)+1

Degr (I) = (Neg+1) ™ (-Tu)
Snew=Smax* (Degr (I)*Zlig+Znliq) /zd
Tauend (I) =Snew

Taupos (I)=Ti

IF I>0 THEN GOTO 3200

PRINT "Time =",T, "sec"

IF Jptlm>=Jptlmam THEN GOTO 3200
Nvib (0, Jptlm) =Ntincr

Degg (Jptlm) =Degr (0)
Gamdr=Gamrep/Gamtu/2
Wtot=CGamdr-LOG (1+Gamdr)
Wel=Gamdr*Gamdr/ (Gamdr+1) /2
Relos= (Wtot-Wel) /Wel
Kapla=2*Neqg*EXP (5*Gamrep)
Relig=Relos/4*LOG (1+Kapla)

Ulig (Jptlm)=MIN(1.,Reliq)

Uprog (dJptlm) =D (0)

Jptlm=Jptlm+1

GOTO 3260

! unload

Taust (I)=Ti

Gamp (I) =Gam

Tauend (I) =-Smax* (Degr (I) *Z1lig+Znliq) /zd
Tauneg (I)=Ti

Tr=Tauend (I)-Taust (I)

Eta= (Ti-Taust (I))/Tr
Stif=Gmax*Degr (I)* (1-Eta) * (1-Eta)
Dtau=Dgam*Stif

Ti=Ti+Dtau

Tau (I)=Ti

IF TisTaupos (I) THEN Taupos (I)=Ti1i
IF Ti<Tauneg (I) THEN Tauneg (I)=Ti
Vabs=ABS (V(I)-V(I+1))

Taud (I)=Ti* (1+Jvel*Vabs”"Nvel) /1.4573
NEXT T



3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840

| forces calculations
Dub=Dd (0)
Ub=D (0)
Fb=Fb+Dub*Bkb
IF Fb>Fbmax THEN Fb=Fbmax
IF Fb<0 THEN Fb=0
Vb=V (0)
Fbt=Fb+Cb*Vb
IF Fbt<0 THEN Fbt=0
|
V(0) =V (0) + (Fvt+Wef-Taud (0) *Su (0) -Fbt) /Sam (0) *Delta
V (Nr) =V (Nr) + (Taud (Nr-1) *Su (Nr-1) -C£*V (Nr) -Bkr*D (Nr) ) /Sam (Nr) *Delta
FOR I=1 TO Nr-1
V(I)=V(I)+(Taud (I-1)*Su(I-1)-Taud(I)*Su(I))/Sam(I)*Delta
NEXT I
IF T>Tcal THEN GOTO 3540

GOTO 2520
PRINTER IS 26
PRINT

PRINT "ESTIMATED RESULTS"

Ncyclec=INT (Tmreg*F) -2
Vpen=60*2*(Uprog(thlm—l)—Uprog(thlm—l—Ncyclec))/(Nvib(O,thlm—l)—Nvib
Vpen=INT (100*Vpen) /100

PRINT

Ncycler=INT ( (Tcal-Tramp-Tmreg) *F) -5

Jen=Jptlm-Ncyclec-3
Vpeni=60*2*(Uprog(Jen)-Uprog(Jen—Ncycler))/(Nvib(O,Jen)—Nvib(O,Jen—Ncyc
Vpeni=INT (100*Vpeni) /100

PRINT

PRINT "Estimated driving speed at",Zzd;"m. ig";Vpeni;"m/min at early reg
PRINT "Estimated driving speed at",Zd;"m. is";Vpen;"m/min at full regim
Fonet=INT (We-Snew*Su (0) -Fbmax)

IF Fonet<0 THEN GOTO 3710

PRINT "CAUTION: Dead weight in excess of resitance by",Fonet, "kN"

|

PRINTER IS 1

CLEAR SCREEN

PRINT "TO PRINT GRAPH, FOLLOW THIS PROCEDURE STEP BY STEP:"

PRINT

PRINT "1. Downsize Alpha Window"

PRINT "2. Downsize Graph Window"

PRINT "3. Click on Alpha Button"

PRINT "4. Maximize Graph Window"

PRINT "5. 'Print Graph' from pull-down Menu'

|

|

|

!  Graphical Output



3850 !
3860 GRAPHICS ON

3870 ! sheetpile penetration
3880 GINIT

3890 GCLEAR

3900 GESCAPE CRT, 30

3910 GESCAPE CRT, 35

3920 RECTANGLE 139,108,FILL
3930 PEN O

3940 DEG

3950 VIEWPORT 0,139,0,108

3960 WINDOW -100,1020,-.21,.03
3970 FRAME

3980 CLIP -50,1000,-.2,0.

3990 AXES 100,.01,0,0,1,50
4000 CLIP -100,1000,-.21,.005
4010 !

4020 Jpt1l=0

4030 MOVE 0, -Umaxg (0)

4040 FOR Jptl=1 TO Jptlmax
4050 DRAW 2*Jptl, -Umaxg (Jptl)
4060 NEXT Jptl

4070 !

4080 LINE TYPE 4

4090 MOVE 0,Vib(0,0)/5

4100 FOR Jptl=1 TO Jptlmax
4110 DRAW 2*Jptl,Vib(0,Jptl) /5
4120 NEXT Jptl

4130 !

4140 LINE TYPE 7

4150 MOVE 0,0

4160 FOR J=0 TO Jptlm-1

4170 DRAW (Nvib (0,J) /Ntmax)*1000,-2* (Uprog (J+1) -Uprog (J)) / (Nvib (0, J+1) -Nvib (
4180 NEXT J

4190 !

4200 LINE TYPE 1

4210 MOVE 0,-.2

4220 FOR J=1 TO Jptlm-1

4230 DRAW Nvib (0,J)* (1000/Ntmax) ,Degg(J) *-.2
4240 NEXT J

4250 !

4260 LINE TYPE 7

4270 MOVE 0,-.2

4280 FOR J=1 TO Jptlm-1

4290 DRAW Nvib (0,J) * (1000/Ntmax) , (Ulig(J)-1)*.2
4300 NEXT J

4310 CLIP -100,1000,-.21,.03

4320 !



4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800

LINE TYPE 1
CSIZE 4
LDIR O
LORG 4
FOR I=1 TO 10
MOVE 100*I,.005
LABEL I*Tmaxpl/10
NEXT I
LORG 8
FOR I=0 TO 10
MOVE -20,-.02%*I
LABEL I*2
MOVE 50,-.02*1
LABEL I/10
NEXT T
LORG 4
MOVE 500, .015
LABEL "Time [sec]™
CSIZE 3
LORG 5
MOVE 200,-.08
LABEL Sstitle$
MOVE 200,-.12
LABEL DATES (TIMEDATE)
MOVE 200, -.16
LABEL TIMES (TIMEDATE)
LDIR 90
MOVE -80,-.1
LABEL "Penetration [cm] and Pentration speed
MOVE 80,-.1
LABEL "Velocity [m/s] and Degradation [-]"
PAUSE
DIALOG "INFORMATION", "GRAPHICS DUMP"
GCLEAR
! Sheet pile force and velocity
GESCAPE CRT, 30
GESCAPE CRT, 35
RECTANGLE 139,108,FILL
PEN O
DEG
VIEWPORT 0,139,0,108
Fscale=2000
WINDOW —100,1020,—1.1*Fscale,l.l*Fscale
FRAME
CLIP -50,1000,-Fscale,Fscale
AXES 100,Fscale/10,0,0,1,50
CLIP -100,1000,-1.05*%Fscale,1.05*Fscale
|

[em/s]™



4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280

Jptl=0

MOVE 0,Fg (1)

FOR Jptl=1 TO Npld

DRAW 5*Jptl,Fg(Jptl)
NEXT Jptl

|

LINE TYPE 4

MOVE 0,Fbg(1l) *10

FOR Jptl=1 TO Npld

DRAW 5*Jptl,Fbg (Jptl) *10
NEXT Jptl

|

LINE TYPE 7

MOVE 0,Vg (1) *Imped

FOR Jptl=1 TO Npld

DRAW 5*Jptl, Vg (Jptl) *Imped
NEXT Jptl

|

LINE TYPE 1

CLIP -100,1000,-1.1*Fscale,1l.1*Fscale

CSIZE 3.5
LDIR O
LORG 4
FOR I=1 TO 9
MOVE 100*I,-Fscale/10
LABEL I*Tdpl*100
NEXT I
LORG 8
FOR I=-5 TO 5
MOVE -5,Fscale/5*I
LABEL I*Fscale/5000
NEXT I
LORG 4
MOVE 500, -Fscale/5
LABEL "Time [ms]"
CSIZE 3
LORG 5
MOVE 100, -.4*Fscale
LABEL Sstitle$
MOVE 100, -.6%*Fscale
LABEL DATE$(TIMEDATE)
MOVE 100, -.8*Fscale
LABEL TIME$(TIMEDATE)
LDIR 90
LORG 4
MOVE -60,0
LABEL "Skin and 10 x Toe Forces [MN]
PAUSE

Velocity*Impedance [MN]"



5290 !

5300 ! Vibration Levels

5310 !

5320 GCLEAR

5330 GESCAPE CRT, 30

5340 GESCAPE CRT, 35

5350 RECTANGLE 139,108, FILL
5360 PEN O

5370 DEG

5380 VIEWPORT 0,139,0,108

5390 WINDOW -100,1020,-.03,.21
5400 FRAME

5410 CLIP -50,1000,-0.,.2

5420 AXES 100,.01,0,0,1,50

5430 CLIP -100,1000,-.005,.21
5440 !

5450 CSIZE 3

5460 FOR Ipout=1 TO 4

5470 Vim=0

5480 FOR J=1 TO Npav

5490 Vim=Vim+Vib (Ipout,J) *Vib (Ipout, J)
5500 NEXT J

5510 MOVE Npav, SQRT (Vim/Npav)
5520 FOR J=Npav TO Jptlmax-Npav
5530 Vim=Vim+Vib(Ipout,J+l)*Vib(Ipout,J+l)—Vib(Ipout,J—Npav+l)*Vib(Ipout,J—N
5540 DRAW 2*J—NpaV,SQRT(Vim/NpaV)
5550 NEXT J

5560 LORG 4

5570 IMOVE 0,0

5580 Nip=Nipout (Ipout)

5590 Ripout=Rp+Nip*Dr

5600 Ripout= (INT (Ripout*10)) /10
5610 LABEL "R=";Ripout

5620 NEXT Ipout

5630 !

5640 LINE TYPE 1

5650 CLIP -100,1000,-.03,.21
5660 CSIZE 4

5670 LDIR O

5680 LORG 4

5690 FOR I=1 TO 10

5700 MOVE 100*I,.005

5710 LABEL I*Tmaxpl/10

5720 NEXT I

5730 LORG 8

5740 FOR I=0 TO 10

5750 MOVE -20,.02*I

5760 LABEL I*2



5770
5780
5790
5800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5900
5910
5920

NEXT I

LORG 4

MOVE 500, -.015

LABEL "Time [sec]™"
CSIZE 3

MOVE 100, .12

LABEL DATES (TIMEDATE)
MOVE 100, .16

LABEL TIMES (TIMEDATE)
MOVE 100, .2

LABEL Sstitle$

LDIR 90

MOVE -60,.1

LABEL "Effective Particle Velocity [cm/s]"
PAUSE

END



